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. ¯ East San Pablo Bay I =

tlm bait.re. ’I’ou~ wt’re u~u~illy 20 minutes h,u~, =md when possible were
made alternately with and a~aiust the current. De~.ause o~ variations
in wealher aud tidal .r riv~:r ~.omli~io~s, i~ was impossible always to I)ala describing the eateheatehOf the morel0 minutesimp°rtanto~ ~ ~"sI)eeies werewith corn-each
fo!lou" lhe ~azm, lu’oc(,durt,s or sample with equal intensity from month bincd to show the monthly per traw-nu
to month (Tabh, 1). l)urizi~ the first G months, while sampling and gear net iu five areas. The areas were 5 to 6 miles long. One area could
handliug tcclmiqucs were p~.rfc~.tcd, ~c did m,t survey thc ontirc area. usually be sampled in a day and each area, with the exception of west
Routino cr v,’r~,xe strutted in ,lure, 1~63. ~u,l 1 week per m.nlh was de-Salt Pablo Bay, contained a California Department o~ Water
voted to the sm’vov until l),m,mhtr 191Lt. ehlorinity recording station. ~hey were centered ~ear the t~s

" Pittsburg, Port Chicago, ~{artinez, Orockett, and Pinole (Fibre 1).
Data from the two San Fablo Bay areas were usually combined, as were
tile data from Port Chicago and Martinez.
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during 3larch and April. Many. more wet,. taken in Suismt Bay. than

A few bay. shrimp re~nained in San I’abto Bayin San l’ablo Ray. In th,. spring, small shrimp lm’,lomimded. In the
l~ay from Pcbrnary ~o May 1964. We ,.aught none off I’ittsburg duringfall, larger individuals and some egg-carrying f,’males were observed,
that period. "

Bay shrimp, Cr~go. M~rin~-l~ryh~line. Ill contrast to the summer of 19{;3, U. francfscorum was abundantBay shrimp, at one time, supported a large cmmnereial fishery iu
San rane~sco Bay. Two specie, Crago francfscorum, and Crago hi. ~maller than in 1963 at Martinez and Port Chicago.F    "

,ff Pittsbnrg during the smnmer of 1964. Catches were somewhat
gracauda, made up almost all of the (’ommerci~fl ealch. A fldrd species, From September to December 1964, shrimp all but disappeared fromCrago ,ffgromaculata, was of little importance to the fishery (Bonnot, San Pablo Bay. Although catches were variable in Suisun Bay, shrimp1931 ; Skinner, 1962). remained there until lhe end of the survey.Israel (1936) studied,,.th,, life histories of the lhr~,e species from ~ We kept no record of the size composition of the catch. But it is,hme 1931 In ,hme 1.)J.L 1Io f, mud that C. fra)lc~cortoa was the ~ my opinion that small shrimp were more common in Suisun Bay thanmost toleram ,,f fr,~sh water and Was found"},( miles from the Golden in San Pablo Bay.Gate in the San Joaquin River. IIe also found Hu~t bofl~ C. francfs. ~

~,rk,t crab, Cancer magister. Marine.corum and C. nf,qracauda moved toward the ocean as lhe spawning sea-
Frown July to December 1963. 33 small (4 to 10 era) C. magi.~tcrson approaelwd and the ,,ggs hatched in water of high salinity. Both

were caught in ~he San Pablo Bay otter trawl. B,.tween May and De-speci,~s rel}rodm.od at tlw end of their first year. C. francfscorum from
cember of 1964. ov,..r 2,000, in the same size range, were caught in theDecember to ,hmc, and C. ~,igracauda from April 1,, September. Young
same ar,,a. At limes lhey wore tak,~n at a rate of more than 200 pershrimp were fouml at stun,, distance from t}w ocean in water of re.
]0-mim~tedated salinity.

No t.rabs were taken ahoy,. Carquim, z Strait in 19~3 lint 56 indi-Our nets caughl C. fronc/scorum almost exclusively. G. nigracauda
viduals .t to 14 cm wide were caught near Martinez from Julywas caught in small numbers only during 3lay and June ]964 in San
Decemb,w 1964.Pablo Bay. C. nigromaculata was never knowingly laken.
Ascldlan, Molgula verrucifera. Marine.We cmz~ht no bay shrimp above C~rqumoz ~trait from February

fl,rou~h April ]963, and only relatively small mmfl,crs in San Pab]o A~ tim,,s M. t’~rruci/cra was so abundant in San Pablo Bay btltom
Bay (Pigure 2). From August through D,.combor 1963. shrimp were ~,,w~ that il wa~ iml,ossibh, t,, haul the lrawl ab~,ard by hamt. We
present throughout the sm’vev area. Abundam.e was lowest off /’itts- n,.v,.r fmmd it,,ast of
burg.                     "

FISH~S
~ ~0o[- Pacific lamprey, Entosphen~s trldentatus. Anadromous.

~_ ~
Total--& Midwater trawl. Martin,.z: April 19~;~ooo -- PITTSBURG ~alt l~ab],~ Bay: May ]96R : 59 to 64

~ "°~’l
~ ~

’rh,. Pacific lamprey i~ fom~d in nearly all (’alif,,rnia ~trcam~ which
z ,~oo{-- - ~ enter iho ocean, unless blocked by barriers or low flows. Adults often
~ ~ start their spawning migration into fresh water in ~hc fall and in some
~ ~o.~[ rivers these migrations contim~e into the spring, when masses of ]am-
~~0"~ ~,~ -~, ~ ~ preys are seen ascending obstructions and fish ladders (Ki~nscy and
~ ,~o,,~ Fisk. 1964).
~,oo~,~ After spreading 3 or-1                                                                                                                                                                                                            .x"m’s in tht, ir nal:,l str,,am.                                                            .v"m’g Pacific

lampreys, when about 15 cm long. migrate to sea.~ soo
~ The Pacific lamprey parasitiz,.s other fishes, but apparently without

~ o " [ the disastrous result attributed to the sea lamprey of the Atlantic.
zooo Unidentified I~mptey. An~dromous.
,,oo ~Oa~TT-~Oa[ Totals6. ~I~dwater trawl. Suisun Day: Novembcr 1963-May ]964;

11 to 18 cm. Saa ~ablo Bay: October 1963-May 1964; 15 to 18 cm.
These were either downstream nfigrant Pacific lampreys or river

lampreys, Lampetra ayrcsi. Little is known about the habits and be-
havior o~ the river lamprey, but it is found in central California~UL ~o~ streams and is probably responsible for most of the attacks on fish in1963 1964 California streams (Kimsey and Fisk, 1964).

FIGURE 2. ~ontM~ trawl ~otCh of boy =blimp,
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At Pittshurg, we first took young of the 1963 y~,ar-class in August of ~] " r ri enin~ adult herring iu February 1963. No adul~ werethat year (Figure 3). A peak was reached ia Novemher, and following ~]
In San l’ablo Bay, we caught small numbers (less than one fish per

a decline in December, ca(ches of small shad were low until August ~]
tow)sIarfinez. ?f ~’?Newly-hatchcd~- ":* hcrring""ar bUtappearedOccasionallYin SautheYPablowereBaytakenin Febru-near1964 when young of fl~e 1964 year-class were caught. While ap.~

parently not as abnndant at Pil~s~urg as fl~c 1963 year-class, the 1964 ~
year-class was taken in m~lerate numbers until fl~c end of our sur~ey.-: arYseveraland hundredMarch 1963per(Figure 4). They increased in number to a peak of~ tow in May and June. A few were caugh~ in

August and vmmg-of-the-year were almost totally absent from Septcm-
~ ’ bcr 1963 on.’A few (h’~ than one per tow) young of [he 1963 year-chins

were taken near Martincz and Port Chicago in June and August 1963.
~N PITTSBURG

~ 5 ,o ~.
. .

~PORT CHICAGO- ~ARTINEZ~

m~ ~F ~ CROCKETT-PINOLE ~
z 1965 1964 "

~ ~

FIGURE 3. Monthly trawl catch of young-of-the-year American shad, Alosa sap~dls~{ma.
~

o~ * ........... ~ ........ ~ .......
,%t l’ort Chicago all(1 Martincz almost no small shad were caught mP ~ PORT CHICAGO-MARTiNEZ

until August and Septemb,~r 1963. The 1963 year-class reached a low ~ ~ ...... ~_.~.. ~ ~ .,, ...... ,. ~,
peak of abundant(, iu November. After that, catches were generally low

~ = ~ CROCKETT-PINOLE -~until July 1964, whc~ the ]964 year-class appeared. That year- ~,o¢:class reached a peak i~ November and was commmdv taken in De- mz
camber. " o ~

In San Pablo Bay, low mm~bers of the 1962 y~,ar-class (6 to ]2 ~ ~ -
months old) were take~ from February through,lure. 1963 (Nigure3~). m~ m ~ ~ [. ~ .~~:~::L- ................

~

Ia September, a few 19(;3 year-class shad appeared aml a low peak wasz o ~, -- ~,, ., .... ~" ~" ’ " " 1964
reached in November. Some small shad were caught i~ San l’ablo Bay 1965
m~til the cml of tlw survey, hut only a few 1964 year-¢.la~s fish were ~-~.,o...~. *.. .... .o o,,,

fouad.
~dcntifiable loud was laurel ia 59 young-of-the-year shad. Food items, FIGUR~ 4. ~onthly ~l c~tc~ of ~oung-of-the-year pacific herring, C~upea pallosi.

in the order of their occurrence, were: .Vcomysis awatsch~sis cope-
pods, larval fish, and Corophium sp. l;~like ]91;3. when almost no young h(,rvi~g wct’c fout~d cast of Car-

Many of the trawl tows, in addition to y(mng-of-the-year shad, quincz Strait, mauy were caught in 19(;4, throughout Suism~ Bay. These
yiehled a few larcer fish that were in their second year of life. M- fish were 3 to 6 cm long and were most abundant in tl~e upstream areas
though no accurate record of the occurreace of these yearlings was kept, off Pittshurg aud fort Chicago. They were’ caught during April and
they were recorded from all areas and at times made up as much as l0 3Iav 1964 and the~ abruptly disappeared.’ " mmfi~er, were caught duringpercent of the catch, l’n ]964, adult herring, although taw m

Nine yearlings contained identifiable food which consisted of Nco- ,lammry, Fcbrm~ry, and March in San 1’abh) Bay. Young of the 1964
rays& awatschcnsis and copepods, spawning appeared in San Pablo Bay in April, May, aud Jm~e but were
P.clfic he~ing, Clupea p.ttast. Marine. llot. as pleutiful as the 19(;3 year-class (I~igurc "1).

Total~about 100,~0. ~Iidwater trawl, Suisun Bay, San l’abh) Bay. lhteadfin sh*d, Dorosoma petenense. Fresh wuter--turyhaline. Introduced.
Adult herrinx enter San Francisco Bay in the winter and spring, Totals2,050. Midwatcr trawl. Suisun Bay, San ]’ablo Bay.

spawn, aud return to the sea immediately. Most spawning takes place in The thr~atlfin shad was introduced into California, from Temxessee,San Francisco Bay near Tiburon and Sausalito. However, during past. i~t ]953. It is prescott in mauy central California reservoirs and has, i~
dry periods spawning has been reported in San Pablo Bay and Car-~.~. recent years, become established in the Sacramento-San Joaqui~ Delta.
quinez Strait. It is generally believed that reduced salinity limits up- ~It has become an important food of larger fishes in many areas. The
s̄tream spawning (Miller and Schmidtke, 1956).

.~ throadfi~ ~h~,l ~,~,~w.~ ,,t ;-~,,.v.l~ .¢+.~ +t .....
,,~.; ~ ............+ ............~’""



about 21 (3. and t:ea.~cs in the fall when th,, tt’mperaturc drops below
King salmon, Oncorhynchus tshawytscha. Anadromous. .thi.~ (l(imscy and I"isk, ]96-t).

Total~S82. Gill net, midwater trawl. Suisun Bay, San l’ablo Bay.During September. October, aml November of 1963 and 1964, thread.
The Sacramento-San Joaquin ~,~ver run of king salmon is one of thefin shad were eomm0nly caught off Pittsbur~ aml Port Chicago. Peak :

larg~,st cm the t’acific Coast. In tim past 15 years, estimates of spawningcatches of from 50 to 80 fish per tow were reached in November. Sinai- ~
ndults have ran~ed from ]00,000 to 500,000 annually. ~[ost mature fishlot catches were mad~ off Martinez during the ~ame months,
mox’~ upstrcmn in lhc fall. but there is a smaller spring run and a stillNo threat]fin shad were found in Snn l’ab]o ]~ay until November
smalh’r wiggler run (Fry, ]961; Skinner,    ’)" ~- . ]96,). Som~. mature king sal-and ])e~’embor of ]963, when 3 to 5 fish per tow were cal~ght. In
man ar~. probably in the estuary during all months of the year.Nov~.mMr am] De,’ombcr of ]964, thread~n shad were a~ain caught at

low flitch. The gOllCl’~l] lllOVClllO]lt of II])ntl’elllll migrant sah,,o,~ in the estuary is
well understood. ~V,, made no special effort to catch lhcm and our nets

No.bern anchovy, Engraulls mordax. Marine. wcrtr not d,,si~m,d m’ set to do so. During tile SllrVCy, W0 Callght oI1]y 20
Total~about 120,000. Midwater trawl adull m’ l,r~;coeious male king salmon, ~dl in Suinma Bay. ~[ost (18)

were fall-rm~ fish and were taken betwco~ Aucust and November. OneAm~hovies enter San Franeiseo Ba~- in spri~g aml summer, but little         was caught in ~[av and one in Jm~e.
is k~mwn about t]w amom~t of     " ¯

spawmng that takes place ia the bay.           It is ~em,ra]Iv accepted that malm’o salmon do not feed while in freshWorld wido, m~ehovi~,s spawn over a broad ra~e of ~’onditions from 2                     ¯
oee~ll~iv to OMIl/lrill{,. water. W]w slOlll~W]lS of ;ill those wc Cllll~hl were el~lpty.

A smaller "brm.kish w~ter"subspccies of E. mordax was reportod in

~ravel. 1~ flw past. lh~, peak of lhc down,sire,am migration has beensan l"rancisco ]]ay (Roed~,l. 1953), but we ran(l,, ~o att(,lllpt to idomify
or s~’par;tte it.                                                                   ohs~,~.x’~,d f’rmn 1,’ebruary Io Apt’il ~ l(ttlt(,v, 19(13; IIaUm~, 19.1(I; Erkkila

~t’ of both ]96;~ a~d 196~. ma~y m~choxics
’. "’ * ’ l~aV (~lgllt’t’ 5)..k]l ~lges, i~wlu(li~*a, na~v ," . !).w~strt,aln miKt’alds Wt,l’, present i~ almost all months and
rq~e~it~ adults up to 17 ~.m i~ le~gth w~rc va~ ,1t ~ - " ~pe ,rod l~art,~t pcal~s of abut~dm~ce weft, rcaelwd during .kpril, May, or ,lune
~ress,.,l.. the     .1~I’ .t~ ~l’tl ,,, ,d’ 1 ,,g,, Hs~l ~ ’ (iO~’l’Ollsed" IIIl[ll,’°": ....

11l ~Ilnlmerthe fall pr~-~ill(l all~l SoVtqlIIH’I’ ( ],’i~tlre 6).. In lho slwinv, lhes(~ )’Ollllff lish were from
,’arly w ~,t,’r. only ro~’,’ntlv-bor~} and sam,, ]- ,,t. 2-yoar-old f}sh were
I’omM. " ~; 1,, ]{~ ,.m I.n¢ xvhih, in the fall. th,.y w,.v,. ]0 t,~ ]7 vm l,,~ff.

]"(’W~’I’ itll(~]lOVil% WVI’," ,’all,hi above (.’;ll’qllil~v~ Slrail }Hit the prop0r-
r -

aa~:hovies were, h~l~,n i~ thor l’ittsburg area until Auz~ ~t 1964.
~

All hml I)c~,)~ t’eodi)~ .n th(. ~,OlWl)od ..lcarlia clatt.~.i.
~ - -’ ~ f

~

~ ~ ~ ’ ov FIGURE 6. Monthly trawl catch of downstream migrant young-of-lheyeor king salmon,

~ ~,oo~. [_._] In 8uisu,~ l~ay, the stomachs ,ff 37 small t 7 to 15 ,.,m) saln,o~ held

"~" ~" EL~

id,,,difiablc food. Terreslri,,, inseels aml sI, itlcrs were present in

1963 " "’" "~ "" ~ ~~ In San l’ablo ]~ay. 25 tlown~tz’cam migrants c(mtai~cd identifiable
~-~’~,o,**r, ,~,~: ~-~o o~,    1964 foot]. ()f thc~c, 17 had been eating terrestrial insects or spiders. Ncomy-

sis awatsch~’~tsi.; was laurel in 5. "fish" in 4. and (~ra[lu fram’i.¢eomtmFIGUR[ 5. Monthly trawl catch of northern anchovy, Engraulis mordax,                           in I.                                                                      "

]h~tt~,r (]~()3) and N. B. Scolield (1913) found insects to bc the mos[
importanL food item in the diet of downstream mi~’rant l~i~g sahnon.






















